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ABSTRACT
Flexible bronchoscope (FOB) is a medical intervention instrument that provide 
distal end bending capability for inspecting respiratory airways. Although the use of 
the FOB is considered to be safe and easier, there are a major complication called 
pneumothorax which is a lesion on the surface o f the respiratory airways that causes 
air leakage in the respiratory system due to the extreme movement o f the distal end of 
the FOB. The bronchoscopist must also manually rotate the whole body o f the flexible 
tube to do rotation movement. On the other side, research on fiber reinforced soft 
actuator (FRSA) becomes a prospective opportunity for development in medical 
devices and soft robotics. So, the objectives of this research are to develop a novel 
distal end o f the FOB prototype that minimize the risk of pneumothorax by providing 
local rotation in the novel distal end o f the FOB and apply soft actuator mechanism in 
the development o f distal end o f the FOB. The concept of the system is a distal end of 
the FOB that provide smooth motion bend, soft material, and local rotation by using 
FRSA mechanism. A simulation was conducted using finite element analysis software 
which compared by type of fiber angles, fiber amount, and material. Prototype 
fabrication was also conducted using Rapid Prototyping Software and Computed 
Numerical Control Machine. The In-Vitro Experimental Setup consist o f deformation 
angle measurement, bending force measurement, and functional testing using 
respiratory airways phantom. The testing result showed the prototype is able to bend 
90° to the right, 89° to the left and 166° to rotate. The simulation and experiment 
similarity was 75.7% for right, 82.5% for the left, and 85.7% for the rotation. The 
maximum force that produced from the bending movement was 0.2 N which able to 
minimize the occurrence of pneumothorax. By in-vitro test, the prototype also able to 
inspect and manuver inside the respiratory airways.
ABSTRAK
Bronkoskopi fleksibel (FOB) adalah instrumen campur tangan perubatan yang 
menyediakan lenturan pada akhir distal untuk memeriksa saluran pemafasan. 
Walaupun penggunaan FOB itu dianggap selamat dan lebih mudah, terdapat 
komplikasi utama yang dipanggil pneumothorax iaitu luka pada permukaan saluran 
pemafasan yang menyebabkan kebocoran udara dalam sistem pemafasan disebabkan 
oleh pergerakan hujung distal FOB yang melampau. Bronchoscopist juga perlu secara 
manual memutar seluruh badan tiub fleksibel untuk melakukan pergerakan putaran. 
Di sisi lain, penyelidikan mengenai bertetulang gentian penggerak lembut (FRSA) 
menjadi satu peluang yang bakal untuk pembangunan dalam peranti perubatan dan 
robotik lembut. Jadi, objektif kajian ini adalah untuk membangunkan prototaip akhir 
distal FOB baru yang mengurangkan risiko pneumothorax dengan menyediakan 
putaran tempatan pada akhir distal FOB dan menggunakan mekanisme penggerak 
lembut dalam pembangunan akhir distal daripada FOB. Konsep sistem adalah akhir 
distal FOB yang menyediakan lancar bengkok gerakan, bahan lembut, dan putaran 
tempatan dengan menggunakan mekanisme FRSA. Simulasi telah dijalankan 
menggunakan perisian analisis unsur terhingga yang berbanding mengikut jenis sudut 
serat, jumlah serat, dan bahan. Fabrikasi prototaip juga telah dijalankan menggunakan 
Rapid Prototyping Perisian dan Machine Control Dikira Berangka. Eksperimen 
Persediaan In-Vitro terdiri daripada pengukuran sudut ubah bentuk, membongkok 
pengukuran daya, dan ujian fungsi menggunakan model saluran pemafasan. Hasil 
ujian menunjukkan prototaip mampu bengkok 90° ke kanan, 89° ke kiri dan beiputar 
166°. Persamaan simulasi dan eksperimen adalah 75.7% untuk betul, 82.5% untuk 
membela dan 85.7% untuk berputar. Daya maksimum yang dihasilkan daripada 
pergerakan lenturan adalah 0.2 N yang dapat mengurangkan berlakunya 
pneumothorax. Dengan ujian in-vitro, prototaip juga dapat memeriksa dan manuver 
dalam saluran udara pemafasan.
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CHAPTER 1
INTRODUCTION
1.1 Background
Flexible bronchoscopy or fiber optic bronchoscopy (FOB) is a medical 
intervention device that mostly be used for conducting inspection, biopsy, and 
interventional surgery in respiratory airways. This device consists o f  a flexible tube 
which has small diameter to fit enough to be inserted inside the respiratory airways. 
Inside the flexible tube, commonly there are three channels consisting o f a light 
source, an image sensor, and a working channel to manipulate object in the respiratory 
airways environment. These channels are located along the way from distal-end o f the 
FOB until video processing system, workstation, and the interface for the user or
W orking
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Figure 1.1: Current Flexible Bronchoscopy Device (Yoneda & Morrissey, 2008):
(a) flexible bronchoscopy system, (b) Channels at the distal end, and
(c) bending capability of distal end
2known as bronchoscopist (D’Ippolito et al., 2007; Du Rand et al., 2013; Haas, 
Vachani, & Sterman, 2010; Ikeda, Yanai, & Ishikawa, 1968). To facilitate the 
bronchoscopist inserting and orientating the FOB to the target location inside the 
respiratory airways, the distal end is designed in such a way that it can bend with 
specific bending angle and controlled by the bronchoscopist using two thin wires as 
illustrated in Figure 1.1 (J. Toti, H. Wong, & Jay, 2001; Martin & Aimee Staggenborg,
2010).
However, altough the use of the FOB is considered to be safe and easier, there 
are still some drawbacks, such as discomfort feeling from pre-operative anaesthesia 
medication, hemorrhage, bronchospasm, aspiration, hypoxia, laryngeal edema, 
anesthetic accident, infection, dan Pneumothorax (Huang, Huang, Li, Browning, 
Parrish, Turner, Zarogoulidis, Kougioumtzi, Dryllis, Kioumis, Pitsiou, Papaiwannou, 
et al., 2014). Specifically in pneumothorax, it has become a major complication in the 
FOB due to the distal end injuries. In Video-Assisted Thorascopic Surgery (VATS), 
pneumothorax is appertain as in the highest three o f complication and mortality rate 
(Luo et al., 2013) as describeb in Figure 1.2. In Transbronchial Lung Biopsy (TBBx), 
also known as Bronchoscopic Lung Biopsy (BLBx), pneumothorax is one o f the two 
leading complications (Jain, Hadique, & Mehta, 2013).
Pulmonary
Infection
56.3%Pneumothorax
25%
Pulmonary 
atelectasis 
28 1%
Poor lung Acute Trachea
expansion Respiratory Intubation Hemothorax
18.8% distress 3% r  3. 1% 3.1%
Figure 1.2: Post-Operative Complication and Mortality Rate After VATS
(summarized from (Luo et al., 2013))
3Pneumothorax is the lesion on the surface o f the respiratory airways that causes 
air leakage in the respiratory system. This occurs due to the extreme movement of the 
distal end of the FOB during TBBx or VATS and the incapability o f the patient to 
control the cough during the operation. (Boskovic et al., 2014; Huang, Huang, Li, 
Browning, Parrish, Turner, Zarogoulidis, Kougioumtzi, Dryllis, Kioumis, Pitsiou, 
Machairiotis, et al., 2014; Huang, Huang, Li, Browning, Parrish, Turner, Zarogoulidis, 
Kougioumtzi, Dryllis, Kioumis, Pitsiou, Papaiwannou, et al., 2014). Illustration of 
pneumothorax is describe in Figure 1.3.
Figure 1.3: Pneumothorax due to the extreme bending of the distal end of the FOB
Besides, the anatomical structure of the respiratory airways has a complicated 
path with many intersections, extreme angles, and becomes smaller when it goes 
deeper (Hagberg, 2012; Hansen & Ampaya, 1975; Yeh & Schum, 1980). To help the 
bronchoscopist to point the FOB to the target location inside the bronchial tree, the 
FOB is capable of bending at the distal end o f the FOB. Nevertheless, for rotation 
movement, the bronchoscopist must manually rotate the whole body o f the flexible 
tube (global rotation). If the rotation capability is provided to the distal end of the FOB 
(local rotation), it may help the bronchoscopist to have manuverability and precision 
to point the FOB to target location (Kennedy, Morice, Jimenez, & Eapen, 2007),(Colt,
Research on soft actuator becomes popular nowadays to cover the needs of 
soft mechanism and soft material (Rusydi et al., 2014). Soft actuator is a new emerging 
technology, which provides soft mechanisms with smooth motion. It has has simple 
structure design, high compliance and high power to weight ratio (Faudzi & Razif, 
2012). Recently, it has been used in many areas, including soft handling robots such 
as human-support robots, wearable power assist suits, robot hands for various works
R espiratory 
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4in size and shape such as fruit-harvesting end-effectors and medical application such 
as colonoscopy (Kure, Kanda, Suzumori, & Wakimoto, 2008; Noritsugu, 2005; 
Suzumori, Hama, & Kanda, 2006; Udupa, Sreedharan, Dinesh, & Kim, 2014). The 
mechanism o f soft actuator that does not apply any metal wires or string making it 
safe to be used in endoscopy purposes. The application o f soft actuator on 
bronchoscopy becomes a prospective opportunity for development in medical devices 
and soft robotics.Due to the small size o f respiratory airways structures, this study is 
also possible to explore the fabrication o f small sized soft actuator.
Figure 1.4: Rotation mechanism on the FOB, Global Rotation vs Local Rotation
1.2 Problem Statements
A dedicated research on the development of a novel safer FOB is needed to 
offer a new solution in the prevention o f pneumothorax. Problem statement in our 
study consists of:
5(1) The extreme movement of the distal end o f the FOB during TBBx and 
VATS may cause pneumothorax. Therefore, there is a need o f a distal end 
o f the FOB to have a soft movement to minimize the risk o f pneumothorax.
(2) Global rotation in the FOB may be difficult to perform during the 
bronchoscopy procedure. Hence, there is a need of local rotation feature in 
the distal end of the FOB to ease the movement control.
(3) Soft actuator with its smooth motion is potential for medical application. 
However, according to our knowledge, it is not yet applied in the FOB.
Our hypothesis is that soft actuator mechanism is possible to be implemented 
for a safer FOB which can minimize the risk o f pneumothorax by providing small size, 
soft motion bending, and local rotation.
1.3 Research Objectives
The objectives o f this research are:
(1) To develop a novel distal end of the FOB prototype that minimize the risk 
o f pneumothorax;
(2) To provide local rotation in the novel distal end of the FOB to solve global 
rotation problem;
(3) To apply soft actuator mechanism in the development of distal end of the 
FOB by fabricating small size and soft motion bending for the FOB.
1.4 Scope of Works
The scope o f this research consists of:
(1) Design
a. Bending and Rotation Capabilities
A measurement of a respiratory airways model is conducted to 
obtain the minimum bending angle. Bending feature consists of two 
directions which are flexion and extension. Rotation feature is
6designed in such a way that the distal end of the FOB is capable to 
have half sphere viewing region.
b. Structure and Diameter
To obtain bending and rotation capabilities, a braided angle soft 
actuator (BASA) mechanism is applied and two chambers bending 
soft actuator structure and one chamber rotation soft actuator 
structure are combined. However, due to the limitation o f the 
fabrication equipment, the prototype o f distal end o f the FOB is 
targeted until seconday bronchi. Thus, the diameter o f the distal end 
of the FOB is designed in such a way that it possible to manuver in 
secondary bronchi. The prototype also does not include the 
working channel.
c. Fibers Pattern and Angle
Fibers are needed in the BASA mechanism. They are knitted on the 
surface o f the soft actuator. Selection o f them determine the 
produced bending and rotation angle. A simulation using finite 
element analysis (FEA) software (MARC MENTAT) is conducted 
to select the optimum fibers pattern and angle.
d. Material Selection
Materials are compared by simulation using FEA software to 
determine the optimum produce bending and rotation angle.
e. Endoscope Camera
A product benchmark is conducted to choose the endoscope camera 
that suit to the design of distal end o f FOB.
(2) Simulation
Simulation is conducted using FEA software by develop 8 models o f fiber 
reinforced soft actuator.
(3) Fabrication
Molds for forming the soft actuator are designed using a solid modeling 
computer-aided design (CAD) software (SOLIDWORKS) and fabricated 
using Computer Numerical Control (CNC) machine. The material pouring 
and mixing is applied into the mold to fabricate the prototype of distal end 
of the FOB.
7(4) Experiment
Experimental setup for test the prototype o f distal end of the FOB consist 
o f Bending angle measurement, rotation angle measurement, force 
measurement, and phantom test.
1.5 Organization of the Project Report
This project report consists of 5 chapters. First chapter introduce the reseach 
background, determined the problem statement, objective o f the research, and research 
scope. Second chapter present about literature review in scientific analysis, patent 
analysis, and product analysis. Third chapter present about methodology. This chapter 
explain about overal system design, how to design the specification of the system, 
fabrication procedure, and experimental setup. Fourth chapter present the result of the 
methodology and discuss about all simulation and prototype movement result, the 
comparative study, and technical analysis conducting in the research. Fifth chapter is 
about conclusion and future recommendation.
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